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1. INTRODUCTION 


The Screwworm Eradication Data System (SEDS) at the Johnson Space 
Center,. Houston, Texas utilizes satellite derived . estimates of 
daily mean air temperature (DMAT) to monitor the effect of tem- 
perature on screwworm populations. A set of coefficients 
derived from multiple linear regression studies is used to con- 
vert radiometric data obtained by the National Oceanic and 
Atmospheric Administration (NOAA) satellite into estimates of 
daily mean air temperature. The performance of the SEDS screw- 
worm growth potential predictions depends in large part upon the 
accuracy of the DMAT estimates . 

1.1 PURPOSE 

This technical memorandum evaluates the temperature accuracies 
obtained by SEDS production processor using spring data (March 29 
through June 27, 1975). 

1.2 BACKGROUND 

Depending upon the amount of cloud-free data obtained from the 1 
twice daily satellite coverage, four basic methods are used to 
calculate DMAT. An accurate evaluation of SEDS performance 
requires an understanding of these methods. 

The first three methods of calculating DMAT use current radio- 
metric data. The cases are as follows: 

• Case 1 - Both night and day r.adiometric data usable 

DMATK = A + A *TSNK + A 9 *TSDK + A *ALT 
o 1 2 3 

• Case 2 - Only day radiometric data usable 

DMATK = B + B *TSDK + B *ALT 
o 1 2 

• Case 3 - Only night radiometric data usable 
DMATK = C + C *TSNK + C 9 *ALT 

O 1 2 
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Where the symbols are defined as follows : 

DMATK - Daily mean air temperature in degrees Kelvin 
TSDK - Day radiometric temperature in degrees Kelvin 

TSNK - Night radiometric temperature in degrees Kelvin 

ALT - Elevation in meters 

Af > > CL - Multiple regression coefficients 

Usable data is radiometric data which has survived all cloud 
detection tests. When no radiometric data is available, DMAT is 
estimated using ground data and a temperature difference field. 

The .ground truth fill-in utilizes a network of surface meteoro- 
logical stations. Each point in the SEDS image is assigned to 
the "zone of influence" of a surface station. These zones are 
shown in figure 1. The size and shape of each zone is determined 
primarily by the density of the surface network. 

A temperature difference (AT) field for each zone is derived 
from days on which good quality radiometric data was available. 

The AT field represents the difference between the ground truth 
control station’s observed surface temperature and the radio - 
metrically derived DMAT estimate for each point. When .radiometric 
data is unavailable at a point, the DMAT estimate is made by 
adding the point's control station's observed surface tempera- 
ture to the point's AT value. This may be written for point 
(x,y) as 


DMAT (x,y5 " ™ BT ♦ 4T ( j 


1-2 









where TMET - The ground truth control station's surface 

observed mean air temperature 

AT ^ - The temperature difference field value at the - 
point (x,y). 

When a DMAT estimate is made from radiometric data, the AT field 
is updated. To prevent rapid fluctuation in the AT field, a low 
pass filter is used. The update may be written- 

iT Cx,y) = K C DMAT (x,y) - TMET) + U-K)CTC-i) (l>y) 

where K - The filter -constant which has been set to .125 

AT(-l) r - The temperature difference field from the 

„ previous day for the point (x,y), 

/ 

The DMAT estimate based on the AT field is made for each point, 
but is used only when the radiometric data is cloudy or 
unavailable. 
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2. ANALYSIS OF MODEL 


The basic model used to convert radiometric data to estimates of . 
DMAT uses elevation as an independent variable. To test the need 
for elevation in the model, several regression studies were 
performed using SEDS data from the 28 September to 9 October time 
period. Each of the three methods of calculation described 
earlier were examined both with and without elevation as a vari- 
able. Additionally, the case where both radiometric passes 
produce usable data was examined to determine if the inclusion 
of latitude as variable was desirable. Summaries of these 
regression studies including the correlation matrix, coefficient 
of determination, standard error of estimates, analysis of 
variance, and tests of significance for the coefficients may be 
found in appendix A. These regressions were performed using 
data from the ground truth zone control stations shown in table I. 

Using the results of these regressions, Analysis of Variance 
(ANOVA) was used to determine the significance of elevation and 
latitude as regression variables. ' Elevation was a highly sig- 
nificant variable for each method of calculation'. The highest 
significance occurred for the day radiometric only usable and the 
lowest for both radiometric usable. Latitude was not a signifi- 
cant variable for this sample. The complete ANOVA' s may be found 
in appendix B . 
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TABLE I, - GROUND TRUTH ZONE CONTROL STATIONS , 


i 


STATION NAME 

SEDS ID 

/ LATITUDE 

' “LONGITUDE 

“ELEVATION 

l . 

Hermosi 1 lo 

01 

29:04. 

110:57 

211 m 1 

Chihuahua 

02 ' . 

28:38 

106:04 

1354 m 

Guaymas 

03 

27:55 

, 110:53 

16 m i 

La Paz 

07 

29:04 - 

110:20 

10 m 4 

Durango 

03 

2 lf: 01 - ' 

104:4'0 

1889 m 

Mazatlan 

10 

23:12 

106:25 

3 n»; 

Ciudad Victoria 

11 

23:44 

99:08 

' 321 m 

Soto la Marina 

12 . 

23:46 

98:12 

• 25 m 

Tamp ico 

14 

'22:13 

97:51 . 

12 -m 

Tepic 

15 

21:30 

104:53 

915 m 

Rio Verde 

17 

2 V :56 

“ 100:00 

991 m 

Guadalajara 

18 

• 20 : 36 " 

103:23 - 

1567 m 

Pachuca 

19 

20:08 

98:44 

2426 m 

Tuxpan 

20 

20:57 

97:23 

14 in 

Mexico City 

23 • 

19:24 

99:11 

2298 m 

_ T 

Puebla 


19:03 

98:12 

2162 m 

Veracruz 

•26 

19:09 

96:07 

13 m 

Oaxaca 

30 

’ 17:03 ’ 

96:43 

1500 m 

Acapul co 

31 

16:50 

99:55 

82 m 

Salina Oruz 

32 

16 : 10 ' 

95:12 

70 m 

Las 

33 

1M4 

92:38 

212-8 « 

Tucson 

70 . 

32:07 

110:56 

2555 ft. 

Fort Huachuca „ 

■ 71 ‘ 

•31:35 

110 : 20 

4685 ft. 

Douglas 

72 

31:27 

109:36 

4107 ft. 

Deming 

73 

32:15 

107:42 

4324 ft. 

El Paso 

74 

•31:48 

• . 106:24 

- 3916 ft. 

Marfa 

75 

30:22 

104:01 

4858 ft. 

Del Rio 

76 

29:22 

100:55 

1027 ft. 

Cotulla 

77 ' 

28:27 

99:13 

479 ft. 

McAllen 

" 78 

26:11 

98:14 

112 ft. 

Brownsville 

79 

25:54 

97:26 

20 ft. 

Midland-Odessa 

83 

31:57 

102:11 

2851 ft. 

San Angelo 

84 

31:22 

100:30 

1903 ft. 

Abilene 

85 

32:25 

99:41 

1784 ft. 

San Antonio 

. 93 

29:32 

38:28 

. 788 ft. 

Austin 

94 

30:18 

97:42" 

" 597 ft. 

Waco 

95 

31:37 

97:13 

501 -ft. 

Corpus Christi 

_ 96 ■ 

' 27:46 

97:30 

41 ft. 

Victoria 

97 

28:51 

96:55 

. 104- ft. 

Houston 

98 

29:58 

95:12 

96 ft. 

Port Arthur 

99 . 

29:57 

94:01 

16 ft. 
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3. INTERPRETATION 


The evaluation of the DMAT estimates requires an understanding of 
the multitude of factors which influence their quality. The mean 
air temperatures observed by the surface meteorological stations 
are used to verify the DMAT estimates. The underlying assump- 
tion is that these temperatures are correct. However, the 
quality of the stations used in SEDS varies. In general, the 
U.S. stations are of higher quality than many of the Mexican 
stations . 

The U.S. stations are of two types. The. so-called first order 
stations are mostly sited at airports. The stations ar-e manned, 
calibrated, and observed by professional meteorologists. These 
stations are used as ground truth zone control stations and may. 
be regarded as the best ' stations . A second group of U.S. sta- 
tions are the cooperative stations. The observers at these 
stations are interested non-professionals, but the stations are' 
sited and maintained by the U.S, National Weather Service. 

These stations also provide high quality data. 

The Mexican stations are- in some cases less useful than the U.S. 
stations. Many of these stations are run by a professional 
staff. However, the calibration and siting of the instruments 
are not always of the highest quality. The location of these 
stations is often in a town on- the top of a building. Tempera- 
tures taken from these stations may not be as representative of 
the surrounding areas as might be desired. 

The use of elevation as a variable in the DMAT .estimates also 
produces lower quality data in Mexico. It has been shown that 
the relative quality of the elevation base map used in SEDS is 
poor in Mexico. Since this calculation depends mostly on the 
elevation variable, the effect is most pronounced in the DMAT 
estimates produced using day radiometric data only. 
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The initial guidelines for the spring evaluation indicated that 
the evaluation would he conducted in the U.S. only. Accordingly, 
the DMAT coefficients were derived using only U.S. and Mexican 
border stations. The resulting DMAT estimates for regions well 
away from the U.S. -Mexican border area should be handled with 
care. The higher elevations experienced in some parts of Mexico 
are outside the range of data over which the DMAT coefficients 
were calculated. This factor alone restricts the usefulness of 
many Mexican stations. 

The spring evaluation data was • calculated using only two sets of 
DMAT coefficients, The initial set was calculated using 15-29 
March 1975 data. This set of coefficients was used until 5 June 
1975 when a new set was introduced derived from 10-23 May 1975 
data. This situation resulted because of the accelerated pro- 
cessing of this data and of the limited staff available for 
recalculation. Although extremely valuable, the resulting DMAT 
represents a system performing at less than its capabilities. 

The emissivity base map used to correct the radiometric data 
was based on 15-29 March 1975 data. This map was not updated 
during the spring evaluation due to the limitations of time. 

By the end of the evaluation period, the applicability of this 
map was marginal, contributing to the slightly lower quality 
data. 

The DMAT estimates derived from the ground truth fill-in utiliz-. 
ing the AT field must also be evaluated with care. The expecta- 
tion would be that the error rate associated with DMAT estimates 
would increase with distance from the control stations. Thus, 
the best estimate of the performance of this technique would 
probably come from a network of stations that do not include the 
control stations. 
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4. EVALUATION AND RESULTS 


The evaluation of the DMAT estimates depends upon the statistical 
comparison of surface observations of mean air temperature and of 
the satellite estimates. For review and clarification, a short 
discussion of common statistical measures of error may be found 
in appendix C. 

Data was available for the 95 locations shown in table II. The 
geographical distribution of these stations is shown in figure 2 ; 
the ground truth zone control stations are indicated with a square 

Considering the information in the previous section, the data was 
stratified in a number of ways to enhance the understanding of 
SEDS performance. The following is a summary of this 
stratification: 

• Overall SEDS Performance - The error of all stations without 
regard to method of calculation. 

• Ground Truth Fill-in - The error associated with those DMAT 

estimates calculated using the AT field. These cases had no 
usable radiometric data. 

• Both Radiometric Usable - The error associated with DMAT 
estimates calculated from both morning and night satellite 
passes . 

• Night Radiometric Only - The error associated with DMAT esti- 
mates calculated from the night satellite pass; the corres- 
ponding morning pass was either missing or cloudy. 

• Day Radiometric Only - The error associated with DMAT estimates 
calculated from the day satellite pass; the corresponding 
night data was either missing or cloudy. 
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TABLE II. - SEDS LOCATION LIST OF WEATHER STATIONS 
(Begin approx. 14 Nov 75 - Spg Eval Phase II) 


ID 

no./ltr latitu 

LONGITU 

ID NO./LTR LATITU 

LONGITU 

ID NO./LTR LATITU 

LONGITU 

SMMX 






01 

160/HM0 29:04N 

110:57W 

14 548/TAM 22: 13N 

97:51W 

24 680 19:263 

99:0811 

02 

225/CUU 28:38 

1 06: 04 

15 5"3 / TEP 21:30 

104:53 

25 685 /PEB 19s’ 

98:1-2 

03 

255/GIM 27:55 

' 110 : 53 

16 5 LEO 21;07 

101:41 

26 692 /VER ;9- 

'4-0 1 

05 

382/TRC 25:32 

103:27 

17 581/ KVS 21:56 

100:00 

28 741 /CTZ 18- 

25 

06 

393/MTY 25:52 

100:14 

18 613/GDL 20:36 

103:23 

29 762/CHG 1 r .. 

: 30 

07 

405/LAP 24:09 

110:20 

19 632 ACA 20:08 

98:44 

30 775/OAX 17:03 

/ 0 : 43 

08 

412/CUL 24:48 

107:23 

20 640/TUX 20:57 

97:23 

31 805/ACA 16:50 

99:55 

09 

423/DG0 24:01 

104:40 

21 654 /&ZL 19:03 

103:52 

32 833/SCZ 16:10 

95:12 

10 

4 58 /ta 23:12 

106:25 

. 22 662 19:59 

102:19 

33 845 16:44 

92:38 

11 

491/CVM 23:44 

99:08 

23 679 AEX 19:24 

99:11 

35 903/TAP 14:54 

92:15 

12 

499/SOT 23:46 

98:12 



■s 


SAMX 






36 

AGS/571 21:52N 

102:18W 

49 MLM /665 19 : 42 N 

101 ; 11 W 

59 SRL/253 27:17N 

112:15W 

38 

CEN/258 27:29 

109:56 

50 MTT/781 17:59 

94:32 

60 TCG/634 20:05 

98:22 

39 

GJS/226 31:44 

106:29 

51 NAU/642 20:13 

• 96:46 

61 TGZ/843 16:45 

93:06 

41 

IMA/658 19:14 

103:44 

52 NLD/286 27:30 

99:30 

62 TMN./ 54 I 22:00 

98:46 

42 

IZT/830 16:32 

95:10 

53 NOG/080 31:14 

110:59 

63 UPN 19:24 

'102:02 

43 

JAL/687 19:31 

96:54 

55 PVR/601 20: 37 

105:14 

65 VSA/743 17:59 

92:55 

46 

LZC 17:59 

102:13 

57 REX 26:01 

98:14 

66 ZIH/758 17:38 

101:34 

47 

HAM/399 25:52 

97:31 

58 SLP/539 22:09 

100:58 



SMUS & SAD 3 






67 

290/MYF 32.-49N 117:08W 

75 MRP 30:22N 

104:01W 

93 253/SAT 29:32N 

98: 28W 

68 

3PL 32:50 

115:34 

76 261 /DRT 29:22 

100:55 

94 254/AUS 30:18 

97:42 

69 

280/IUH 32:40 

114:36 

77 COT 28:27 

99:13 

95-256/ACT 31:37 

97:13 

70 

274/TUS 32:07 

110:56 

78 MFE 26:11 

98:14 

96 251/CRP 27:46 

97:30 

71 

FHU 31:35 

110:20 

79 250/BR0 25:54 

97:26 

97 255ACT 28:51 

96:55 

72 

DUG 31:27 

109:36 

83 265/faAF 31:57 

102:11 

98 243/IAH 29:58 

95:21 

73 

DMN 32:15 

107:42 

84 263/SJT 31:22 

100:30 

99 241 /BPT 29:57 

94:01 


74 270/elp 31:43 106:24 85 266/ABI 32:25 99:41 

ADDITIONAL TEXAS STATIONS (CO-OP) 
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Each of these major data groupings was further divided as 
follows : 

• U.S. Stations - The error associated with DMAT estimates 
calculated for U.S. stations only. 

• Mexican Stations - The error associated with DMAT estimates 
calculated for Mexican stations only. 

• Ground Truth Control Stations Only - The error associated with 
DMAT estimates calculated for the ground truth zone control 
stations. 

• Non-Control Stations - The error associated with DMAT esti- - 
mates calculated for stations other than the ground truth 
control stations. 

Those cases calculated from the AT field were further stratified 
as follows: 

• U.S. Non-Control Stations -The error associated with DMAT 
estimates calculated for U.S .. stations other than the ground 
truth zone control stations. 

• Mexican Non-Control Stations - The error associated with DMAT 
estimates calculated for Mexican stations other than the 
ground truth zone control stations. 

The standard error, associated with each of these stratifications 
for the 29 March to 13 June SEDS data may be seen in table III .' 
This table clearly demonstrates the variation in calculated 
error rate depending upon the stratification. The complete week 
by week analysis may be found in appendix D. 

Based on these data and the limitations discussed in the previ- 
ous section, four stratifications were selected which seem to 
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TABLE III. - STRATIFIED STANDARD ERROR FOR SPRING EVALUATION 



24 MAY 31 MAY 7 JUNE 
30 MAY 6 JUNE 13 JUNE 


3.53 3.94 3.92 4.39 3.69 4.30 4.08 4.038 3.018 


GT ONLY 

Overall 

U.S. 

Mexican 
Control 
Non Control 
U.S. Non 
Mexican Non 



3 MAY 
9 MAY 

10 MAY 
16 MAY 

4.39 

3.69 

2.93 

3.59 

2.39 

3.05 

3.34 

3.47 

2.47 

2.95 

3.24 

4.09 

2.23 

3.37 

3.44 

3.97 



Overall 

U.S. 

Mexican 

Control 


TSD ONLY 

Overall 

U.S. 

Mexican 

Control 


3.18 3.67 
2.48 3.08 
3.78 4.46 
2.86 3.67 
3.35 3.66 





Non Control 6.53 



( ) indicates sample size less than 25. 
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most fairly reflect the capabilities of the SEDS DMAT estimates. 
The following groupings reflect this analysis : 

• Ground Truth Fill-in - The U.S. non-control stations 

• Both Radiometric Usable - All U.S. station's 

• Day Radiometric Only. - All U.S. stations 

• Night Radiometric Only - All U . S .• stations , 

The DMAT performance as measured by the standard error of' esti- 
mate for these four cases may be seen in figures 3 through 6. 

The best results were obtained when both radiometric passes were 
usable. Average performance in this case was near 2.5°C as 
measured by the standard error of estimate. The average perform 
ance for the night and day radiometric data only was near 3.9° 
and 4.5°C, respectively. The performance of the ground truth 
fill-in was excellent with an average standard error near 2.75°C 

Overall, the results of the spring evaluation were encouraging. 
The study has demonstrated that the design goal of 3.0°C error 
is obtainable. Under closely monitored conditions, a DMAT stand 
ard error of 2,5°C should be expected. 
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Figure 3. — Standard error for U.S. stations not used as control 
stations when DMAT was calculated using the AT field. 
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' Figure 4. — Standard error for all U.S. stations when DMAT was 
calculated using both radiometric passes. 
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APPENDIX A . 

SUMMARIES OF REGRESSION ANALYSES 


A-l 



Sept 28 - Oct 9,. 1975 


Model: pay Radiometric Only Usable With Altitude 

Correlation Matrix 

ALT TSDK TT 

1 2 ' 3 s 4 


ALT 

TSDK 

TT 


1.00000 - .14662 . - .‘76616 

1. 00000 .26951 

L. 00000 


R = .77961 Adjusted for degree of freedom. 

SEE = 2.51465 

(1.36 degree improvement over without altitude.) 




DF 

SS 


Reg 

2 

1737.394 


Res 

174 

1100.288 


Total 

176 

2837.683. 



REG. “COEFFICIENTS 


VAR 

COEF 

SE 

SIG 

'ALT 1 

TSDK 2 

3 

‘ 4 , 

- . 00432 
.19497 

t 

t 

1 

.00027 , 
.05792 

-15.561 
3 i 366 



Intercept 0 238.406 17.707 


A- 2 

















Sept 28 - Oct 9, 1975 


Model: Day Radiometric Only Usable Without Altitude 


Correlation Matrix 


TSDK TT - • 

12 3 4 


TSDK 

TT 


1.00000 .27140 

1.00000 


R = .26146 Adjus't for degrees of freedom 
SEE = 3.87 548 



DF 

SS 

MS 

F 

Reg 

1 

209.008 

209.008 

13.916 

Res 

175 

2628.398 

15.019 


Total 

176 

2837.407 




REG.- COEFFICIENTS 


TSDK 


COEF 

.32982 


. 00000' 3.29820 



Intercept 0 194.16179 26.980 


A- 3 

















Sept 28' - Oct. 9, 19/5 
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Sept 28 - Oct 9, 1975 


Model: Night Radiometric Only Usable With Altitude 

Correlation Matrix 

' ALT 1 

TSNK 2 

TT 3 

4 
Y 

ALT 

TSNK 

TT 



h 

1 

1.00000 

2 

-. 52671 
I. 00000 

3' 

-.80899 

.68779 

1.00000 

4 

Y 

R = .86269 Adjusted for sample size 
SEE = 1.88298 

(1.447 degree improvement over without altitude) 

ANOVA 

Reg 

Res 

Total 

DF 

SS 

MS 

F 


2 

112 

114 

1143.217 

635.352 

1778.569 

571.608 

5.673 

100.76 


REG. COEFFICIENTS 

VAR 

COEF 

SE 

SIG 

\ 



-.00321 

.29647 

.00030 
. 048 22 



-10.495 

6.148 

- 

Intercept 0 208.891 14.351 


A- 5 













Sept 28 - Oct 9, 1975 


Model: Both. Radiometric Usable With Altitude 


Correlation Matrix 

ALT TSD TSN 

12 3 

ALT 1 1.00000 -.02327 -.57758 - 


-.02327 

1.00000 


.57758 -.78842 

.11872 .07281 


1.00000 


.76998 

1.00000 


R = .87211 Ajusted for sample size 
SEE = 1.761 

(.578 degree improvement over without altitude) 

ANOVA 



DF 

SS 

Reg 

3 

748.185 

Res 

72 

223.284 

Total 

75 

971.469 



REG. COEFFICIENTS 


VAR 



Intercept 0 170.2778 25.522 


















Sept 28 - Oct 9, 1975 


Model: Both. Radiometric Usable With Altitude/Latitude 


Correlation Matrix 


ALT TSDK TSNK LAT 

12 3 4 


ALT 

TSDK 

TSNK 

LAT 

TT 


1.00000 -.02327 -.57758 


1.00000 


.11872 

1.00000 


.10955 
.33524 
- .34847 
1.00000 


- .78842 
.07281 
.76998 
-.26093 
1.00000 


R = .87165 Adjusted for degree of freedom 
SEE = 1.76395 




Total 


REG. COEFFICIENTS 


ss 

MS 

F 

750.550 

220.920 

971.469 

187.637 

3.111 

60.304 



VAR 1 

COEF 

SE 

SIG 

ALT 

1 

-.00272 

.0.0036 

-7.47720 

TSDK 

2 

.03181 

.07248 

.43889 

TSNK 

3 

.39361 

.06861 

5.73663 

LAT 

4 

- v 05785 

.06637 

- .87170 


Intercept 0 171.33666 25.59383 
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'Sept 28 - Oct 9, 1975 


Model: Both Radiometric Usable Without Altitude 


Correlation Matrix 



TSDK 

TSNK 

TT 

1 

1.00000 

2 

.11872 
1 . '00000 

3 

.08178 

.76650 

1.00000 



R = .75915 Adjusted for sample size 
SEE = 2.33891 



DF 

SS 

MS . 

Reg 

2 

569.05 

284.526 

Res 

73 

399.350 

5.470 

Total 

75 ‘ 

968.401 



REG. COEFFICIENTS 


VAR 



COEF 

SE 

SIG 

-.01078 

.68125 

.08730 

.06717 

-.12350 

10.14084 



Intercept 0 95.60826 31.31418 


A-8 














APPENDIX B 

SUMMARIES OF ANALYSES OF VARIANCE 


B-l 



ANOVA.- Day Radiometric Only Usable 28 September to 9 October 1975 - 
Significance of Elevation 


Source 

Degrees Freedom 

Sum Squares 

Mean Square 

F 

TSD,ALT 

2 

1737.394 



TSD 

1 

209.008 



ALT/TSD 

1 

1528.386 

1528.386 

241 .72* 

Residual 

174 

1100.288 

6.323 


Total j 

176 

2837.683 




, *Significant at the .99 level 
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ANOVA. -Night Radiometric Only Usable 28 September to 9 October 1975 - 


Significance of Elevation 


Source 

Degrees Freedom 

Sum Squares 

Mean Square 

F 

TSN ,ALT 

2 

1143.217 

, 


TSN 

1 

546.747 



ALT/TSN 

1 

596.470 

596.470' 

105.14* 

Residual 

112 

635.352 

5.673 


Total 

114 

1778.569 




*Significant at the .99 level 



ANOVA.-Both Radiometric Data Usable 28 September to 9 October 1975 - 


.• Significance of Elevation 


Source 

Degrees Freedom 

Sum Squares 

Mean Square 

F 

TSD»TSN,ALT 

3 

748.185 



TSDjTSN 

2 

569.050 



'ALT/TSD,TSN 

1 

179.135 

179.135 

57.76* 

Residual 

\ 

72 

223.284 

3.101 


Total 

75 

'971.469 




♦Significant at the .99 level 
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ANOVA.-Both Radiometric Usable 28 September to 9 October - 


Significance of Latitude - 


Source 

Degrees Freedom 

Sum Squares 

Mean Squares 

F 

TSD,TSN s ALT,LAT 

4 

750.550 



TSD,TSN,ALT 

3 

748.185 



LAT/TSD,TSN,ALT 

1 

2.365 

2.365 

.76* 

Residual 

71 

220.920 

3.111 

• 

Total 

75 

971.469 




*not significant 



APPENDIX C, 

STATISTICAL MEASURES OF ERROR 



STATISTICAL MEASURES OF ERROR 


The nomenclature used when discussing error statistics is often confusing. 

The following definitions of commonly used terms may prove useful in clarifying 
the situation. 


The error of estimate is the difference between the actual and the predicted 
value. SEDS uses multiple regression equations to predict values of daily 
mean air temperature from satellite observed radiometric data. The actual 
daily mean air temperature is observed on the surface at standard metorological 
stations. The error of estimate for daily mean air temperature may be written: 


where 


e = TTK - DMATK 

e - The error of estimate 
TTK - The surface observed daily mean air temper- 
ature in degrees Kelvin 

DMATK - The SEDS estimate of daily mean air temper- 
ature in degrees Kelvin 


The mean error represents a systematic variation of the sample from the true 
value. When SEDS is operating perfectly* the mean or bias error will be equal 
to zero. The mean error of estimate may be written: 



C-2 



where 


The mean error of estimate 


e 

n - The sample size 

The standard error of estimate is the standard deviation of the errors of 
estimate. The standard error, S, may be written: 



In the past, root mean square (rms) error and standard error have been used 
as if they were, the same. However, this is not true. The rms error may 
be written 


RMS = 



Thus, the rms and standard error are equal only when the mean error is zero. 
All errors reported during SEDS development and evaluation' have been standard 
errors . 
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Assuming that the errors are normally distributed approximately 67 percent 
of the errors will lie within t one standard error of the mean' error and 
95 percent within t two standard errors. 
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APPENDIX D 

DETAILED WEEKLY ANALYSIS OF MODEL PERFORMANCE 


D-l 



#1/WRCH-^AP&L ms 

OVERALL SEDS PERFORMANCE from 3-29- 7 5 TO 9- 9- 7 5 
. MISSING DATA « 90 

bias error * » 97 l 

RMs ERROR » 9,790 

SAMPLE SIZE « 57S 


GROUND TRUTH DATA ONLY 

ALL STATIONS 
BIAS ERROR * ,2P3 

RMS ERROR ■ 3.'97S 

SAMPLE SIZE « ? 9 1 

U.S» STATIONS ONLY 

bias Error ■ > 1 »«i6 

RMs ERROR * 3.9 *2 

SAMPLE 5 I 2 E « lf>9 

MEXICAN STATIONS ONLY 
8 I AS ERROR * 1.961 

RMS ERROR * 3.912 

SAMPLE SIZE « 127 * 

GROUnO truth CONTROL • STAT I OnS Only 
BIAS ERROR * -.051 

RMS ERROR * 1,821 

SAMPLE SIZE * 190 

NON-cONTROL STATIONS ONLY 
BIAS ERROR * ,593 

RMS ERROR » 5.223 

SAMPLE SIZE ■ 151 

u,s, non-control stations only 

BIAS ERROR « - 1 • 2 90 
RMS ERROR » 5 . 5 A 2 

SAMPLE SIZE « 7 S 

MEXICAN NON-CONTROL STATIONS ONLY 
BIAS ERROR * ?»95l 

RMS ERROR « 9,095 

SAMPLE SIZE • 76 


BOTH RADIOMETRIC USABLE 

ALL STATIONS 
BIAS ERROR « ,A63 

RMS ERROR « 9.A61 

SAMPLE SIZE ■ S3 

U.S, STAT IONS ONLY 
BIAS ERROR • -1.665 
' RMS ERROR - 3.920 

SAMPLE SIZE » 20 
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j iMAc-'-i-i - 4 A V- < u H7i> 

MEXICAN STATIONS ONLY 
BIAS ERROR « 3*286 

RMS ERROR ■ 3.091 

SAMPLE SIZE » 33 

ground truth control stations only 
bias error « i ,425 

RMS ERROR » 3.731 

SAMPLE .SIZE * 20 

NON-CONTROL STATIONS ONLY 
8 I AS ERROR * ,202 

RMS ERROR * 5.193 

SAMPLE SIZE * 33 


NIGHT RADIOMETRIC ONLY 

ALL STATIONS 
BIAS ERROR * 1.343 

RMS ERROR * 4.788 

SAMPLE SIZE * 94 

U.S. STATIONS ONLY 
BIAS ERROR * -l .626 
RMS ERROR « 5.228 

SAMPLE SIZE * 34 

MEXICAN STATIONS ONLY 
BIAS ERROR * 3.025 

RMS ERROR * 3*590 

SAMPLE SIZE* 60 

GROUND TRUtH CONTROL STATIONS ONLY 
BIAS ERROR ■ 1.646 

RMS ERROR * 3*735 

SAMPLE SIZE « 'SO 

NON^CONTROL STATIONS ONLY 
81 AS ERROR * .999 

RMS ERROR « 5.784 

SAMPLE SIZE « 44 


day radiometric only 

ALL STATIONS 
BIAS ERROR * ,198 

RMS ERROR ■ 6.038 

SAMPLE SIZE « 137 

U.S. STATIONS ONLY 
BIAS ERROR • -4.360 
RMS ERROR ■ 4,883 

SAMPLE SIZE ■ 48 
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3 M a : ‘ J\ A i '• 


MEXICAN STATtONS ONLY 
BIAS ERROR • 2,45* 

RMS ERROR « S. I 16 
SAMPLE SIZE ■ 89 


GROUND TRUTH CONTROL STATIONS ONLY 
BIAS ERROR » ,157 

RMS ERROR « 5.R59 

SAMPLE SIZE - 63 


NON-CONTROL STATIONS ONLY 
BIAS ERROR « » ? 7 5 

RMS ERROR « 6,527 

SAMPLE SIZE » 7*i 
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!%-/* A, • i ’ . 

OVERALL S EDS PERFORMANCE FROM 8-U-7S TO 9-18-75 
MI SS IN& DATA = ill 
b I A b ERROR = * 7 3 M 

RMS ERROR = 3.528 

SAMPLE SUE = 558 


GROUND TRUTH DATA ONLY 

ALL STATIONS 
BIAS Error = .8 59 

RMS tRROK = 3.133 

SAMPLE SUE = 376 

U.S. stations ONLY 
BIAS ERR UP = -1*136 
RMS ERROR = 2.5*30 

SAMPLE SUE = 19? 

MEXICAN STATIONS ONLY 
bias error « 2.128 

RMS ERROR » 2.853 

SAMPLE SUE = 188 

GROUND TKUTh CONTROL STATIONS OrlY 
BIAS ERROR = .589 

RMS ERROR = 2,375 

SAMPLE SUE = 1 9 L- 

non-control stations only 
. bias Error = .367 

RMS ERROR = 3.758 

SAMPLE SUE = IB 6 

U.S. NON-CONTROL STaTjCNS ONLY 

bias error * - 1.590 

R M S ERROR = 3.257 

SAMPLE SIZE * 88 

MEXICAN NON-CONTROL STATIONS ONLY 

bus Error = 2.162 

RMS ERROR = 3.27C 

SAMPLE SIZE = 97 


BOTH RAD-IOMLTRIC USABLE 

ALL STATIONS 
BIAS ERROR * .LCD 
RMS ERROR = .OCC 
SAMPLE 5 UE = C • 

U.S, STATIONS ONLY 

bias Error = .cor 

RMS ERROR * .OCC- 
SAMPLE SIZE = C 



D-S 



; ^-]B A t>3- • i— (T/5 

MEXICAN STATIONS ONLY 
BIAS ERroF = .OCO 
RMS ERROR * .000 

SAMPLE SIZE = C 

GROUND truth control sTaiions Only 
bias error = . cco 

RMS ERROR = ,OCC 
SAMPLE SIZE * 0 

non-control stations- only 
BIAS ERruR = .OCO 
RMS ERROR = • COO 

SAMPLE SUE = G 


NIGHT RADIOMETRIC ONL.V 

ALL STATIONS 
BIAS Error = .78*1 

RMS ERROR = 2.6 52 

SAMPLE SUE = 64 

U.S. STATIONS ONLY 
bias Error = .7ms 
RMS ERROR = 2.7SC 

SAMPLE 5 I 7 E * 28 

MEXICAN STATIONS ONLY 
BIAS Error = .814 

RMS ERROR « 2.6 12 

SAMPLE SIZE = 36 

GROUND TRUTH CONTROL STATIONS ONLY 
BIAS Error * .767 

RMS ERROR = 2.442 

SAMPLE SIZE = 3C 

NON-CONTROL STATIONS ONLY 
BIAS ERROR = .799 

RMS EKRGK = 2.861 

SAMPLE SUE = 3*4 


DAY RADIOMETRIC ONLY 

ALL STATIONS 
BIAS Error = 1.612 

RMS ERROR = 4 . S 2 6 

SAMPLE SUE = 114 

U.S. STATIONS ONLY 
BIAS Error = -.7C4 

RMS ERROR = 4.382 

SAMPLE- SUE = SG 
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\7-\c A p-Liu telC 


MEXICAN STATIONS ONLY 
BIAS ERROR = 3.422 

RMS ERROR = H . *MI 7 
SAMPLE SUE = .64 


GROUND TRUTH CONTROL STATIONS Only 
BIAS ERROR = 1.5&2 

RMS ERROR = 4.435 

SAMPLE SUE = &B 


NON-CONTROL STATIONS ONLY 
bias Error = 1.643 

RMS ERROR = 5.259 

SAMPLE SUE = 5 6 
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A-p'.. i'HS 

OVERALL SEDS PERFORMANCE FROM 9- 5-75 TO ** 
MISSING DATA « 117 

BIAS ERROR « ! • ?5 3 

RMS ERROR * 3.931 

SAMPLE SIZE * 598 


ground truth data only 


ALL STATIONS 
BIAS ERROR ■ -.060 

RMS ERROR ■ 3.002 

SAMPLE SIZE * 323 


U.5. stations only 
BIAS ERROR * -1.3*56 
RMS ERROR « -2.363 
SAMPLE SIZE « 215 


MEXICAN STATIONS ONLY 
BIAS ERROR « 2.75** 

RMS ERROR * 2.675 

SAMPLE SIZE » 113 

GROUND truth control stations only 
BIAS ERROR » -.103 

RMS ERROR » 1,916 

SAMPLE SIZE « 160 

NON-cONTROL STATIONS ONLY 
BIAS ERROR « - » P l 9 

RMS ERROR * 3.779 

SAMPLE SIZE « 163 

U.S, NON-CONTROL STATIONS ONLY 
BIAS ERROR « -1.71* 

RMS ERROR * 3.076 

SAMPLE SIZE » 1P2 

MEXICAN NON-CONTROL STATIONS ONLY 
BIAS ERROR « 2.621 

RMS ERROR » 3.066 

SAMPLE SIZE - 6t 


0 OT.H RADIOMETRIC U5ABLE 

ALL STATIONS 
BUS ERROR « 2.**7P 

RMS ERROR * 3. **83 

SAMPLE SIZE * 56 

U.S. STATIONS ONLY 
BIAS ERROR » .995 

RMS ERROR « 3. 7 TP 

SAMPLE SIZE « 9 


9-75 
! t 
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s-w A'pPi*- live 

MEX I CAN' STAT J ONS ONLY 
BI'AS ERROR * 2.625 

RMS ERROR « 3. <457 

SAMPLE SIZE • 5*4 

GROUND TRUTH CONTROL STaT|ON5 ONLY 
BIAS ERROR * 2*6 70 ' ' 

RMS ERROR - *4.213 

sample SIZE* 28 - 

NON-CONTROL .STATIONS ONLY 
BIAS ERROR * 2.299 

RMS ERROR ■ 2.69*4 

SAMPLE SIZE * 30 


night radiometric ONLY 

* 

ALL STATIONS 
BIAS ERROR * 3,ft!?5 

RMS ERROR * *1.596 

SAMPLE SIZE * 77 

U.S, STATIONS ONLY 
BIAS ERROR * i ,886 
RMS ERROR * *4.20-3 

SAMPLE SIZE * 3*» 

MEXICAN STATIONS ONLY 
9 1 A S ERROR * 3.890 

RMS ERROR * **..796 

SAMPLE SIZE * 93 

ground truth control stations only 
BIAS ERROR * 2.1*49 • 

RM$ ERROR »' *4 . fl’3 *4. 

SAMPLE SIZE * 92 , 

NON-CONTROL STATIONS ONLY 
BIAS ERROR * 9,033 

RMS ERROR « 9.I2B 

SAMPLE SIZE * 35 


day. -radiometric only 

ALL STATIONS 
B.US ERROR » 3,680 

RMS ERROR ■ 9.557 

SAMPLE SIZE » 90 

U.S, STATIONS only 
BIAS ERROR * ,358 

RMS ERROR « 9,5-26 

SAMPLE SIZE * 25 


ORIGlNAIi PAGBIS 
OF POOR 
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5-l\ 1=115 


MEXICAN STATIONS ONLY 
BIAS ERROR ■ R.950 

RMS ERROR » 3.902 

SAMPLE SIZE ■ 65 


GROUND TRUTH CONTROL STaTF'ONS ONLY 
BIAS ERROR * 3.505 

RMS ERROR » *»,I70 

SAMPLE SIZE « 


NON-CONTROL STATIONS ONLY 
BIAS ERROR * 3.83M 

RMS ERROR « ‘♦.9)0 

SAMPLE SIZE * R B 
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. t An lw \ r?c 

OVERALL i£-OS PERFORMANCE (-ROM 4-I9-7& T-0 4-2 b-7b 

MISS 1 No JATA » 1 18 

8 1 AS ERROR = 1.78m 

RMS ERROR * 3.938 

SAMPLE SUE * SR 7 


(jROUimO TRUTH UATa 0NL r 

ALL STATIONS 
BIAS tRRuR * .717 

RMS ERROR » 3.030 

SAMPLL SIZE =. 24 8 

u.s, stations only 
bias ERROR * -.3Mb 

RMs LKROR S 2 . b 7 8 
SAMPLE SUE * Ibl 

MEXICAN STATIONS ONlY 
BIAS ERROR * 2.3/0 

RMS ERROR = 2.9b0 

SAMPLE SIZE = 97 

ground truth control stations only 

BIAS ERROR * l*Qbj 
RMS ERROR x 2 * 4 H H 
SAMPLE SUE = 128 

non-control stations only 
bias error * • 3 s & 

RMs ERROR X 3.S26 
SAMPLE sue - 120 

U.s, NON-CONTROL STaTjONj ONLY 
BIAS ERROR * -.Q02 • 

RMS ERROR x 2.984 
SAMPLE SUE * , 7 4 

MEXICAN NON-LON T^OL S T A f 1 U N b ONLY 
BIAS ERROR = 2*21 b 

RMS ERROR x 3 « b 5 / 

SAMPLE SUE = 46 


DOTH RADIOMETRIC USAbLE 

ALL STATIONS 
BIAS ERROR = 3*307 

RMs ERROR x 3.656 
SAMPLE SUE * 37 

o. s, stat i ons only 
BIAS ERROR * 2 * 8/3 

RMS ERROR = 4.671 

SAMPLE SUE * 26 



D--11 



MEXICAN ST AT 1 0N5 ONLY 
BUS ERROR * 3»H9l 

RMs ERROR * 3.ISS 
SampLL SIZE * ol 

GROUND T.RUTH CONTROL STATIONS OnLY 
BUS ERROR = 2 • 8 b l 

RHs ERROR s 3 • Q JH 
5AMPLL SIZE * *42 

NON-CONTROL STAtIoNs ONLY 
BIaS Error * 3*732 

RMs ERROR s <4,14*4 
SAMPLE SIZE * 4b 


night Radiometric only 

\ 

ALL STATIONS 
B l a b LRROR * 3 * 353 

RMs ERROR e 3.&70 
SAMPLE SUE * 9 B 

U « b , ST AT 1 ONb only 
BIAS ERROR = 2*721 

RMs ERRORS 3.877 
SAMPLE SIZE * 39 

MEXICAN STATIONS ONLY 
BIAS ERROR = 3*771 

RMS E K.R U r s 3.321 

sample size * 59 

GROUND TRUTH CONTROL STATIONS ONLY 
BUS ERROR * 3 • 3 3 B 

RMS ERROR s 3.563 

sample size * 53 

N 0 N - c 0 N T R 0 L STATIONS 0 N L T 

bias error = 3*37q 

RMS ERROR 3 3.619 

SAMPLE SIZE » -4 5 


OAY RADIOMETRIC ONLY 

AlL STATIONS 
BUS ERROR * J*59b 

RMs ERROR * 5.223 

sample size « u*» 

u.s. stations Only 
BUS ERROR * - • 1 /B 

RMs ERROR 3 5,52s 

sample size * 56 
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MEXICAN STATIONS ONL T 
BIAS ERROR * 3*306 

KMs ERROR « H.3g9 

' SAMPLE aUE * 58 

GROUND TRUTH COnTkOL STATIONS ONlY 
BIaS ERROR * 1*991 

RMS ERROR « S.iQV 

sample sue » 56 

NON-CONTROL STATIONS ONlY 
bias ERROR * 1*212 

R Ms ERROR * 5.3*17 

SAMPLE SUE » SB 
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1>, .4, •. ^ *0 MAV .-?C 

overall seds performance from *4-26-75 to 5- 2-75 
missing data x 11? 

B I AS ERROR c 2. 21 1 
RMS ERROR * 3.919 

SAMPLE SIZE « 583 


ground Truth data only 

ALL S T A T I O N 5 
B I AS ERROR * I , A I 2 
RMS ERROR ■ 3.H57 

sample size *' ??8 

U.S. STATIONS ONt Y 
BIAS error B . R5S 
RMS ERROR « 2,885 

SAMPLE S I 7 E » 1S3 

MEXICAN STATIONS ONLY 
BIAS ERROR « 3. 76 A 

RMS ERROR * 3.757 

SAMPLE SI7E a 75 

ground truth control stations only 

BIAS FPROR » 1 . 9 3 A 

RMS ERROR * 7.281 

SAMPLE SIZE * 117 

NON-CONTROL STATIONS r>N l Y 
BIAS EpPOR x 7,^80 
RMS ERROR * 3.683 

SAMPLE SIZE- = 1|6 

u.s, non-control stations only 
bias Error « ,917 

RMS ERROR * 3.°18 

SAMPLE SIZE » " 7 *4 

MEXICAN NON-CONTROL STATIONS ONLY 

b I as Error * 9 , 1 37 

RMS ERROR » 3.776 

SAMPLE SIZE * 82 


B 0 T H RADIOMETRIC USARLF 


ALL STATIONS 
BlA'S ERROR e 1.38? 
RMS ERROR « 3.288 

SAMPLE SIZE * 137 

U.S, STATIONS ONLY 
BIAS ERROR * . >■» ? 1 

RMS ERROR « 2.853 

SAMPLE SIZE x 83 
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2 (=> 'W - 5.WA v n ' /£ 

MEXICAN STATION 1 ? ONLY 
BIAS ERROR « 2.229 

RMS ERROR * 3 . 7 \ 9 

SAMPLE SIZE a 

ground truth control stations only 

BIAS FRROR a .951 
RMS ERROR a 3.959 
SAMPLE SIZE - SB 

NON-CONTROL STATIONS only 
B I AS ERROR * 1 .*59 

RMS ERROR * 3.T5B 

SAMPLE S I ?•£ « 59 


NIGHT RADIOMETRIC ONLY 

ALL STATIONS 
BIAS ERROR * 2.511 

RMS ERROR * 9.366 

SAMPLE SIZE a 129 

U.S. STATIONS only 
B I AS ERROR * J . 995 
RMS ERROR * 9.735 

SAMPLE ‘SIZE * 99 

MEXICAN STATIONS ONLY 
BIAS ERROR * 3.?7>? 

RMS ERROR * 3.556 

SAMPLE SIZE a BO 

GROUND TRUTH CONTROL stations only 
BIAS ERROR = 2.235 

RMS ERROR * 9,593 

SAMPLE SIZE » 67 

NON-CONTROL STATIONS O n »L y 
BIAS ERROR « 2*835 

RMS ERROR * 3.932 

SAMPLE SIZE » 57 


0 A Y RADIOMFTRIC ONLY 

ALL STATION5 
BIAS ERROR * 3.779 

RMS ERROR *. 5.536 

SAMPLE SIZE » 99 

U.S. ST A T I ON 5 ONLY 
BIAS ERROR = .279 

RMS ERROR * 6*15! 

SAMPLE SIZE * 31 
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2k -2vUrt t' -r7i~ 

MEXICAN STATIONS ONLY 
BIAS ERROR « 5.993 

RMS ERROR * 9.ZR7 

SAMPLE SIZE * 63 

ground truth control stations only 
BIAS ERROR * 3, 305 

RMS ERROR = 5.967 

SAMPLE SIZE * S3 

NON-CONTROL STATIONS O^lY 
BIAS ERROR - 9.350 

RMS ERROR * 9.979 

SAMPLE SIZE * 9l 
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3-^ I* 




uVERALL SEDS PERFORMANCE From 5- 3«7& To 
MISSING data » 8? 

8 l AS ERROR * 2»621 

RMS ERROR ■ H.389 

sample size - 576 


s 


GROUND truth DATA only 

all STATIONS 
BIAS ERROR « MS 67 
RMS ERROR s 2,933 
SAMPLE SIZE ■ 22** 

u,s. stations only 
bias error « * as 1 

RMS ERROR ■ 2,391 

SAMPLE SIZE « 137 

MEXICAN STATIONS ONLY 
BIAS ERROR * 2»69b 

R Ms ERROR a 3,3h2 

sample Size * 87 

GROUND TRUTH CONTROL STATIONS OnLY 
B 1 AS ERROR * 1 »002 

RMs ERROR « 2,H67 

sample size « 1 1 1 

NON^CONTROL STATIONS ONLY 

bias error * z * 123 
RMs error . 3-.2M5 

SAMPLE SIZE ■ 113 

u , 5 « non-control stations only 

BIAS ERROR » *692 

RMs ERROR « 2,231 

SAMPLE SUE * 63 

MEXICAN NQN-CONTROL STATIONS ONLY 
BIAS ERROR ■ 3*92S 

RMS ERROR a 3 , H 38 
SAMPLE SIZE * SO 


BOTH RADIOMETRIC USABLE 

ALL STATIONS 
BIAS ERROR * HH86 
RMS ERROR « 3.925 

SAMPLE SUE - 88 

u f s, stations only 
BIAS ERROR » -*&2Q 

RMS ERROR * 2,77S 

SAMPLE SUE ■ 26 


9-75 
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»WW yr 

MEXJCAN STATIONS ONLY 
BIAS ERROR * 2*369 

RMs ERROR » 4 , 0 J 7 

SAMPLE SIZE « 62 


GROUND truth CONTROL stations 
bias ERROR * 1*846 

RMS ERROR * 4,602 

sample size * 44 


NON ^CONTROL STATIONS ONLY 

BUS ERROR * 1 , I2fe 

RMs ERROR » 3 , 1 J? 

SAMPLE SUE » 44 


NIGHT RADIOMETRIC ONlY 

ALL STATIONS 
BUS ERROR « 2 • B t 6 

RM$ ERROR » 4,076 

SAMPLE SIZE * 74 

U»S, 'stations only 

BUS ERROR * 1*526 

RMs ERROR » 4,373 * 

SAMPLE SIZE « 49 


MEXICAN STATIONS ONlY 

bias Error » 4*456 

RMs ERROR • 5,307 

SAMPLE SUE ■ 25 


GROUND TRUTH CONTROL STATIONS 
BUS ERROR ■ 2*520 

RMS ERROR * 4,752 

SAMPLE SIZE « 37 

NONwCONTKOL STATIONS ONLY 
BUS ERROR • 2*512 

RM 5 ERROR * 5,063 

SAMPLE SUE ** 37 


DAY RADJOMETRIC ONLY 

ALL STATIONS 
BUS ERROR * 4*429 

RMS ERROR « 5,192 

SAMPLE SIZE « 190 

u.s, stations only 
bus ERROR » 1*945 

RMS ERROR • 5,241 

SAMPLE SIZE * 54 


only 


only 
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M ■ > - t^'/S 

ME X J CAN STATIONS ONL* 

aus error * s«ms 

RMS ERROR . R » 8 *t 9 
SAMPLE SIZE « 136 

Ground truth control stations only 

BIAS ERROR « 3*8lQ 

RMs ERROR > S*R2S 
SAMPLE SIZE » 89 

NON-CONTROL STATIONS ONLY 
BIAS ERROR « H*?7r 

RMS ERROR « R,9h2 

SAMPLE SIZE « 101 
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JO -lb ^ s i7S 

OVERALL SEOS PERF09MANCF from 5-1Q-7S TO 5-16-75 
MISSING DATA * 103 

BIAS ERROR * 2.175 

RMS ERROR « 3.692 

SAMPLE SIZE * 56? 


ground TRUTH DATA ONLY 

ALL STATIONS 
BIAS ERROR * 3.017 

RMS ERROR » 3.589 

SAMPLE SIZE * 2 1 R 

U.S. STATIONS ONLY 
BIAS ERROR * 1*917 

RMS ERROR * 3.0S2 

SAMPLE SIZE * 9 R 

MEXICAN STATIONS ONLY 
BIAS ERROR » 9.323 

RMS ERROR * 3.973 

SAMPLE SIZE = 1?C 

ground truth- control stations only 

BIAS ERROR * 2*622 

RMS ERROR * 2.953 

SAMPLE SIZE * 1?7 

NON-CONTROL STATIONS ONI.Y 

bias error * 3*397 

RMS ERROR « 9*087 

SAMPLE SIZE « 111 

u.s, non-control stations only 

B 1 AS ERROR * 1*393 

RMS ERROR * 3,37? 

SAMPLE SIZE = 99 

MEXICAN NON-CONTROL STATIONS ONl y 
BI AS ERROR * 9*796 

RMS ERROR * 3,97? 

SAMPLE SIZE • 67 


BOTH RADIOMETRIC USABLE 

ALL STATIONS 
BIAS ERROR .»« .839 

RMS ERROR * 2.792 

SAMPLE S I 7 E * 159 

U.S. STATIONS ONLY 
BIAS ERROR * • 3 8 B 

RMS ERROR ■ 2.578 

SAMPLE SIZE « 60 


ORIGINAL PAGE IS 
OP POOR QUALITY 
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fO‘sfe> M A ln-/£T 

MEXICAN STATIONS ONLY 

81 as Error « i .380 
RMs ERROR * 2.863 

SAMPLE SIZE « 99 

GROUND TRUTH CONTROL STATIONS ONLY 
BIAS Error * 1 »r»j j 

RMS ERROR « 2.39A 

SAMPLE SIZE * 99 

NON-CONTROL stations onl v 
BIAS ERROR * ,7!'H 

RMS ERROR * 2.993 

SAMPLE SIZE « AS 


NIGHT RADIOMETRIC ONLY 

ALL STATIONS 
BIAS ERROR « 2.992 

RMS ERROR * 3.999 

SAMPLE SIZE * 8 9 

U,S, STATIONS ONLY 
BIAS ERROR * .975 

RMS ERROR * 9.099 

SAMPLE 5 I 7 E * 3S 

MEXICAN STATIONS ONLY 
BIAS ERROR = 3.990 

RMS ERROR * 3 • 5 A 3 

SAMPLE SIZE * 99 

GROUND TRUTH CONTROL STaTJONS ONLY 
BIAS ERROR * , 2 . 300 
RMS ERROR * 3.551 

SAMPLE SIZE i 95 

NON-CONTROL STATIONS ONLY 

bias Error * 2.606 

RMS ERROR « 9.9*6 

SAMPLE SIZE » 39 


day radiometric ONLY 

ALL STATIONS 
BI AS ERROR * I ,779 
RMS ERROR * 3.971 

SAMPLE SIZE » 151 

U.S, STATIONS ONLY 
BIAS ERROR « .860 

RMS ERROR = 3.183 

SAMPLE SIZE * 71 






ot 
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(0 n 7 $ 


MEXICAN STATIONS ONLY 

bias Error * 2,595 

RMS ERROR » <4.419 

SAMPLE SIZE « 80 


ground truth control stations only 

B I AS ERROR * l ,569 
RMS ERROR a 4,175 
SAMPLE SIZE * fl 3 ' 


non-control stations ONlY 
bias error * P.CTS 

RMS ERROR * 3.721 

SAMPLE SIZE » *3 
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17-2 3 M 7S* 


OVER ALL. .3EDS f-RUM. 

MISSING DATA ■ 79 

BIAS ERROR * 13.433' 

RMS ERROR *• 4.295s 

. . SAMPLE SUE b.\ 586 


Sm 7„r75 .ro 


5«23*/S 


CjROUNU TR.UT.H UaTA O.HLT 

ALL STATIONS 

b IMS E«HQk * 3.438 

RMS EKkUR n. 3ti0f. 

Sample si it. « 2*i 

O.S* STATIONS only 

. bias error * zn,6i 

RMS ERROR * 2 010' 

sample sue b in- 

MEXICAN .:ST;AT 1 0M«* UNLY . . 

8 i as Error » 4*js3 

RMS ERROR n 3*b?9. 

SAMPLE Slit - Ibo 

fcKOUNO TRUTH CONTROL STATIONS OnLY’ 
‘ b I AS ERROR ■ 3.2GH 

HHS ERROR » 2,6b4 

Sample sue « ua.. 
nun-control s r aT i uns only 

BIAS Error > 3*663 

RMS ERROR . * 3fbi3 
SAMPLE SUE » US 

U.S. nON-CONTROL STATIONS ONLY 
bi AS ERROR m 2.S2& . 

KHS ERROR « 2***9 

sample sue « 4b 

MEXICAN NANtCONTROc SlAT.tO.N5 QNlY> 
BIAS EHRUK B ‘ieJO't ' 

RMS ERROR b - 4.282 
SAMPLE SUE.: s Ob ■ 


bO-T H RA0 ; |0f1ETR JC USaBlE 


ALU STATIONS 
BUS ERROR > 
RMS ERROR ■ 
SAMPLE SIZE 


i.«30 

3.76/ 

*.9 


U.S, STATIONS only 
BIAS ER AUK * 1*066 

RMS ERROR * 3* Si* 

SAMPLE SUE » lb 
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r?-23 MAY (91 s 

MECCAN ^STATIONS ONLY 
BIAS ERROR « 2*263 

RMS ERROR » . 3U9** 

SAMPLERS -! ;igm 34 

6K0UNU TRUTH CONTROL STATIONS ONLY 
DIAS ERROR « 

RMS' ERROR ■- 3*968 . . 

SAMPLE SIZE ■ ’ 27 

nun«control stations only 

blAS ERROR » 2t30R 

KITS tRROR * 3 * S37 

SAMPLE SIZE > 22 


nToht kaoiometric only ■ 

-ALL, STAT4-ONS 

DIAS ERROR « 2*7 I 3 

RMS ERROR » 5*076 

SAMPLE SIZE • HV 

U.S. staTi-uns only 
o i as Error. » t « i a3 

RMS ERROR * 5*1*62 

SAMP.EE S-I-2E-. » I A 

MEXICAN STATIONS .UNLY 

bias error ■ 3*32& 

R(1S ERROR * H.9B4 

sample size « ■ 3& 

■> 

okoono troth control stations only 

bias ERROR « - *962 

RMS ERROR » 3*9*»0 

SAMPLE SIZE » 20 

.NUN-COnTKQL STATIONS UNL.Y 
BIAS ERROR « 3*920 

RMS ERROR * 5*H?2 

SAMPLE SIZE » 29 


DAY KAOiDMETRU q NEY 

ALL SlAflONS 
BIAS- ERROR • 3.930 

KMS ERROR * §.074. 

sample suE .k 227 




U*S. stations’ only 
BUS Error «. 2,593 

RMS ERROR’ » 4.74 9 

S AMPLE': -.SUL ■ 127 
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!“?-23 IAAA W [n'ys 

MEXICAN STATIONS ONLY 
B-JAS EhROR «* '5.628- 

RMS ERROR- * 4.986 

SAMPLE -S-UE-i . JOG. • - . _ - 

GKGUnO TRUTH CUNY KOL STATIONS OnLY 
BIAS ERROR m 3,469; 

- RMS ERROR.. »_ 5,2 3-11 

sample sue - ius 

NUU^CONfROL St‘A,T l,ONS ONLY 

.BY AS .ERROR. « _ j4_i.3iSj. . , . 

RMS ERROR ■ (4 .'92-2 

sample sue ■ 122 
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OVERALL SEDS PERFORMANCE from 5-2*1-75 TO 5-30*75 
MISSING DATA * 100 

BIAS ERROR = 3.415 

RMS ERROR a 4.077 
SAMPLE SIZE a 565 


GROUND TRUTH DATA ONLY 

ALL STATIONS 
BIAS ERROR = 3*737 

RMS ERROR * 3.516 

SAMPLE SIZE = 309 

U.S. stations ONLY 
BIAS ERROR « 2.207 

RMS ERROR ■ 2.695 

SAMPLE SIZE = 132 

/ 

MEXICAN STATIONS ONLY 
BIAS ERROR a 4.878 
RMS ERROR * 3.626 

SAMPLE SIZE * 177 

ground truth control stations only 

BIAS ERROR a 3.52S 
RMS ERROR * 3.399 

SAMPLE SIZE « 155 

.non-control stations only 

BIAS ERROR * 3.950 

RMS ERROR = 3.629 

SAMPLE SIZE = 154 

u.s. non-control stations only 
BIAS ERROR * 2.550 

RMS ERROR » 2.771 

SAMPLE SIZE « 60 

MEXICAN NON-CONTROL STATIONS ONLY 
BIAS ERROR = 4 • 8 4 H 

RMS ERROR * 3.836 

SAMPLE SIZE » 94 


BOTH RADIOMETRIC USABLE 


ALL STATIONS 
BIAS error r .720 
RMS ERROR a 3. 182 
SAMPLE SIZE » 75 


U.S. STATIONS ONLY 
BIAS ERROR * -.028 

RMS ERROR « 2.48 2 

SAMPLE SIZE * 45 
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Mexican stations only 
bias error = l«84i 

RMS ERROR * 3.785 

SAMPLE SIZE * 30 

GROUND TRUTH CONTROL STATIONS ONLY 
BIAS ERROR = .007 

RMS ERROR * 2.865 

SAMPLE SIZE * 36 

NON-CONTROL STATIONS ONLY 
bias Error * 1.37-8 

RMS ERROR = 3.352 

SAMPLE SIZE = 39 


NIGHT RADIOMETRIC ONLY 

ALL STATIONS 
BIAS ERROR = 2.391 

RMS ERROR * 4.464 

SAMPLE SIZE = 65 

U.S. stations ONLY 
BIAS ERROR = 1.746 

RMS ERROR * 4.164 

SAMPLE SIZE = 38 

MEXICAN STATIONS ONLY 
BIAS ERROR * 3.299 

RMS ERROR a 4.787 
SAMPLE SIZE = 27 

GROUND TRUTH CONTROL STATIONS ONLY 
BIAS ERROR « 1.723 

RMS ERROR = 4.959 

SAMPLE SIZE = 31 

NON-CONTROL STATIONS ONLY 
BIAS ERROR * 3.000 

RMS ERROR » 3.936 

SAMPLE SIZE * 34 


DAY RADIOMETRIC ONLY 

ALL STATIONS 
BIAS ERROR * 4.874 

RMS ERROR = 4,801 

SAMPLE SIZE « 116 

U.S. STATIONS ONLY 
BIAS ERROR => 3.192 

RMS ERROR * 4.353 

SAMPLE SIZE * 55 
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MiAv . .i" 

Mexican stations only 
B I AS ERROR' * 6*392 

RMS ERROR * H*7I0 

SAMPLE SIZE « 61 

GROUND TRUTH CONTROL STATIONS ONLY 
BIAS error x R.539 
RMS ERROR x 5*123 
SAMPLE SIZE « 58 

NON-CONTROL STATIONS ONLY 
BIAS ERROR « 5.210 

rms Error = R.M75 

SAMPLE SIZE = 58 
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31 TO (o OotvO 

OVERAUU SEDS PERFORMANCE from 5-31 ”75 TO &- fe-75 
MISSING DATA ■ 75 

BIAS ERROR * 2,996 

RMS ERROR « A.078 

SAMPLE SIZE ■ 590 


GROUND TRUTH DATA only 

ALL STATIONS 
B,lAS ERROR * 3,86? 

RMS ERROR » 3. 640 

SAMPLE SIZE = ?89 

U»S, stations only 

B IAS ERROR « 1 .ff 7 n 

RMS ERROR * 2.292 

SAMPLE SIZE « 95 

MEXICAN STATIONS ONLY 
BIAS ERROR * 5.229 

RMS ERROR * 3.9n7 

SAMPLE SIZE » t 9 9 

GROUND TRUTH CONTROL STATIONS ONLY 
BIAS ERROR « 3.57? 

RMS ERROR « 3.9f*7 

SAMPLE SIZE . 195 

non-control stations only 

BIAS ERROR * S.15R 

RMS ERROR « 3.851 

SAMPLE SIZE « IRA 

U.S. NON-CONTROt STATIONS ONLY 
BIAS ERROR * 1 . ?72 

RMS ERROR « 1 .97*4 ' 

SAMPLE SIZE «' 91 

MEXICAN NON-CONTROL STATIONS ONLY 
BIAS ERROR * 5.301 

RMS ERROR ■ 3.820 

SAMPLE S 1 Z& * 103 


both radiometric usable 

ALL STATIONS 

bias error » .189 

RMs ERROR « 3 . 6*7 

SAMPLE SIZE « 117 

u.s. stations only 

BIAS ERROR * -.973 

RMS ERROR * 3.081 

SAMPLE SIZE « 8 3 
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ms 


1 tA — L? 

MEXICAN STATIONS ONLY 
BIAS ERROR » 1.805 

RMS ERROR « 4.459 

SAMPLE SIZE * 34 

ground truth control stations ONLY 
bias error * »ss5 

RMS ERROR « 3.674 

SAMPLE SIZE . SS 

non-control stations only 
bias error * -.t35 

RMS ERROR = 3.660 

SAMPLE SIZE « 62 


NIGHT RADIOMETRIC ONLY 

ALL STATIONS 
BIAS ERROR * t.912 

RMS ERROR ■ 4,443 

SAMPLE SIZE > 109 

U.S, stations only 
BIAS ERROR * -.556 

RMS ERROR « 3.129 

SAMPLE SIZE b qfl 

MEXICAN STATIONS ONLY 
BIAS ERROR » 3,854 

RMS ERROR « 4.376 

SAMPLE SIZE - 6 I 

GROUND TRUTH CONTROL STATIONS ONLY 
Bl AS ERROR * 1.394 

RMS ERROR » 3.527 

SAMPLE SIZE - 97 

NON-CONTROL STATIONS ONLY 

bias error » 2.304 

RMS ERROR - 5.020 

SAMPLE SIZE « 62 


day radiometric only 

ALL STATIONS 
BIAS ERROR ■ 1.678 

RMS FRROR « 3.3fl4 

SAMPLE SIZE b 75 

U.S. STATIONS ONLY 
BIAS ERROR * *730 

RMS ERROR « 2,456 

SAMPLE SIZE « S3 


D-30 



' I Ma> i 
c 


tr 


MEXICAN STATIONS ONLY 
BIAS. ERROR * 3.9A2 

RMS ERROR « 

SAMPLE SIZE * ?2 


GROUND TRUTH CONTROL STATIONS ONLY 
BIAS ERROR * 2.003 

RMS ERROR * 0.105 

SAMPLE SIZE * 33 


NON-CONTROL STATIONS ONLY 
BIAS ERROR * \ ,36a 

RMs - ERROR . 7. £01 

SAMPLE SIZE - q? 


D-3-1 



OVERALL SEPS P'ERFORMANCF from 6- 7-75 TO 4-13-75 
MISSING DATA m 59 
BIAS ERROR « 3.806 

RM S ERROR * 3.01B 

SAMPLE SIZE « 606 


ground truth data only 

ALL STATIONS 
BIAS ERROR s 9*553 
RMS ERROR * 3.116 

SAMPLE SIZE « 309 

U,S, STATIONS only 
BIAS ERROR * 2*5^3 

RMS ERROR * .2,932 

SAMPLE SIZE « ! f5 

MEXICAN STATIONS ONLY 
BIAS ERROR * 5.7.69 

RMS ERROR » 2.83? 

SAMPLE SIZE « 1 9 9 

ground truth control stations only 
bias ERROR * 9*399 

RMS ERROR » 2.591 

SAMPLE SIZE » 139 

NON-cONTROL STATIONS O^LY 
BIAS ERROR * 9.725 

RMS ERROR « 3.985 

SAMPLE SI.Z-E » 173 

U.S. NON-CONTROL stations only 
bias _ Error ». z .998 

R Ms ERROR ■ 3.097 

sample SIZE * 55 

MEXICAN NON-CONTROL STATIONS ONLY 
BUS ERROR « 5.575 

RMS ERROR * 3.370 

SAMPLE SIZE * 115 


BOTH RADIOMETRIC USABLE 

ALL STATIONS 
BIAS ERROR « 2.527 

RMS ERROR « 2.511 

SAMPLE SIZE - 66. 

U.S. STATIONS ONLY 
BIAS ERROR * 2.250 

RMS ERROR ■ 2,957' 

SAMPLE SIZE « 33 
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MEXICAN STATIONS ONLY 
BIAS ERROR * 2,758 

RMs ERROR « 2.566 

SAMPLE SIZE « 36 

ground truth control stations Only 

BIAS ERROR » 2.360 

RMS ERROR ■ 2.27 *1 

SAMPLE SIZE » 3M 

non-control stations only 

BIAS ERROR * 2.705 

RMS ERROR « 2.766 

SAMPLE SIZE « 3 2 


night radiometric only 

ALL STATIONS 
BIAS ERROR * 3,087 

RMs ERROR * 2.375 

SAMPLE SIZE » 97 

U.S. STATIONS ONLY 
BIAS ERROR ■ 2.608 

RMS ERROR * 2,623 

SAMPLE SI7E * M2 

MEXICAN STATIONS ONLY 
BIAS ERROR * 3.M53 

RMS ERROR « 2.118 

SAMPLE SIZE « 55 

GROUND TRUTH CONTROL STATIONS ONLY 
BIAS ERROR ■ 2,599 

RMS ERROR « 2.371 

SAMPLE SIZE * M 9 

NON-CONTROL STATIONS ONLY 
BIAS ERROR b 3.585 
RM$ ERROR « 2,296 

SAMPLE SIZE » M8 


day radiometric only 

ALL STATIONS 
BIAS ERROR ■ 3,231 

RMS ERROR ■ 2.996 

SAMPLE SIZE « 13M 

U.S. STATIONS ONLY 
BIAS ERROR * 2.6M7 

RMS ERROR » 2,923 

SAMPLE SIZE * 91 


m : tommr 
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MEXICAN STATIONS ONLY 
BIAS ERROR '■ 4.qA7 

RMS ERROR ■ 2,796 

SAMPLE SIZE ■ <*3 

GROUND TRUTH CONTROL STaTI0n5 ONLY 
BIAS ERROR '« 3.297 

RMS ERROR * 2.507 

SAMPLE SIZE ■ 58 

NON-CONTROL STATIONS ONLY 
BIAS FRRQR * 3.180 

RMS ERROR « 3.338 

SAMPLE SIZE » . 76 


ORIGIN AXS PAGE IS 
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